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November 2014 study using propensity score analysis of a large retrospective hospital discharge database to better quantify the true perioperative safety of CAS relative to CEA in a real-world setting. Such results could help augment the findings of prospective studies to improve healthcare delivery.
Methods
Data Source and Study Population
The perspective database is a voluntary, fee-supported collection of retrospective, observational data maintained by Premier, Inc, to assess healthcare quality and resource utilization. 8 As of 2011, the perspective database consisted of ≈15% of hospitalizations nationwide and represented >600 US hospitals. Detailed information of a patient's hospitalization, including patient demographics, hospital information, diagnoses, procedures, discharge status, and all billed items, are recorded. Time of procedures and administration of billed items, tests, and exams are reported in relation to the day of admission. Numerous preexisting comorbidities and conditions were retrieved using International Classification of Diseases-Ninth Revision (ICD-9) diagnostic codes ( Table I in the online-only Data Supplement). Relevant medications, including angiotensin-converting enzyme inhibitors, aspirin, and vasopressors, that were administered before or on the day of CEA or CAS were retrieved from the billing record.
Patient hospitalization records from the 2006 to 2011 retrospective Premier database were included in the study if they were admitted for CEA (ICD-9-Clinical Modification procedural code 38.12) or CAS (ICD-9 code 00.63). These patients were grouped by their clinical presentation at the time of admission as it related to their carotid atherosclerotic disease (asymptomatic presentations: 433.10 or 433.30; symptomatic presentations: 435.9, 362.34, or 433.11).
Outcome Variables
The individual outcomes for this study included inhospital mortality, ischemic and hemorrhagic stroke, acute myocardial infarction (AMI), discharge to long-term care, seizure, endotracheal tube placement, and tracheostomy. Relevant ICD-9 codes used to identify these outcomes are shown in Table II in the online-only Data Supplement. A primary composite outcome was created that included inhospital mortality, stroke (ischemic or hemorrhagic), and AMI to recapitulate the findings of the CREST study. In addition, a modified composite outcome was created to investigate the cumulative effects of death and stroke in the absence of AMI. This latter composite end point was created to determine the extent to which the CREST findings might be a result of the excess AMIs in the CEA study arm that potentially offset the excess incidence of stroke in the CAS study arm. 9 All outcomes were assessed from data gathered at the time of initial discharge after carotid revascularization. Outcomes were only included if they were coded as not present at the time of admission.
Statistical Analysis
Data were extracted from the perspective database using SAS (SAS, version 9.3; SAS Institute, Cary, NC) and analyzed using R (version 3.03, R Foundation for Statistical Computing, Vienna, Austria). 10 Continuous results were presented as median and interquartile range to account for nonparametric data distributions. Categorical results were presented as relative frequencies (%). Patient, procedure, and hospital covariates and outcome incidences were compared between CEA and CAS groups using Wilcoxon rank-sum test for continuous variables and Fisher exact test for categorical variables. Odds ratios (ORs) of primary and secondary outcomes were calculated after propensity score matching using Fisher exact test.
Propensity score models representing the likelihood of receiving CEA compared with CAS were created from 33 covariates used in prior randomized prospective studies to simulate the randomization variables used in prior prospective trials of carotid revascularization (Table 1) . [2] [3] [4] [5] [6] Separate models were created for both symptomatic and asymptomatic clinical presentations. After propensity score generation, 1:1 nearest neighbor (Greedy-type) matching was performed as previously described using the MatchIt package in R. [11] [12] [13] The effectiveness of the propensity score model in achieving covariate balance between carotid revascularization therapies for each propensity score covariate was assessed via conditional logistic regression and displayed as a Love plot of the absolute standardized differences in mean responses. 14 The effects of age, sex, treatment type, and symptomatic status on the treatment effect of the matched data set were assessed using a multivariate-adjusted Cox-proportional hazards models using the R package survival (version 2.37-7). 15 Life table analyses were performed using the survival package function pyears. 15 Treatment effects were restricted to the patient subset ≥60 years of age because of the absence of a significant treatment effect among patients <60 years of age ( Figure I in the online-only Data Supplement).
Results
Demographic Characteristics
From 2006 to 2011, a total of 95 742 CEA and 13 890 CAS procedures were identified from the retrospective Premier Perspective Database. Among these carotid revascularization procedures, 9% (9064/95 742) of carotid endarterectomies and 13% (1839/13 890) of carotid stenting procedures were performed on symptomatic patients. After separate 1:1 matching on the propensity score for both asymptomatic and symptomatic clinical presentations, 24 004 asymptomatic patients (12 002 CEA recipients: 12 002 CAS recipients) and 3506 symptomatic patients (1753 CEA recipients:1753 CAS recipients) with similar clinical and demographic characteristics were included for further analysis. The demographic characteristics of the matched asymptomatic and symptomatic subgroup are shown in Table 1 . Propensity score and age distributions of each subgroup are shown in Figure 1A and 1B, respectively. Covariate imbalance of baseline characteristics of the pre-and postmatched propensity score covariates are shown in Figure 2 . After matching, marked improvements were observed in covariate imbalance as defined by absolute standardized differences ( Figure 2 ) and conditional logistic regression results (Table 1; Tables III and IV in the onlineonly Data Supplement) ; these results are suggestive of favorable matching results with inconsequential residual bias in the postmatched data set.
Individual Outcomes
Outcomes after carotid revascularization therapy for the asymptomatic-and symptomatic-matched cohorts are shown in Table 2 ]; P=0.0013). Discharge to long-term care and postoperative stroke were overall more frequent in the CAS group compared with CEA, but these differences were just beyond the limits of significance. Other outcomes including AMI, seizure, and tracheostomy placement were not significantly different between revascularization therapies among asymptomatic presentations.
Among symptomatic presentations, mortality was more common for both revascularization therapies when compared
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subgroup is shown in Figure 3A through 3C, respectively. Notably, increasing patient age was associated with increasingly unfavorable outcomes after CAS when compared with CEA, regardless of clinical presentation (P=0.005). When adverse event rates were examined in context of duration of postoperative hospitalization, the relative excess in unfavorable outcomes after CAS remained fairly constant in the first, second, and third postoperative weeks for asymptomatic presentations (Table 3 ). In contrast, symptomatic presentations had a higher discrepancy in adverse outcomes in the first postoperative week that normalized for patients requiring longer hospitalization. However, the absolute rates of adverse events were higher in the patients requiring hospitalization beyond the first postoperative week for both clinical presentations.
Modified Primary Composite End Point
During the periprocedural period, the risk of the modified primary composite end point (inhospital mortality or stroke) was significantly higher for CAS recipients when compared with CEA recipients for both asymptomatic (2.5% versus Table 2 ). Use of the modified composite end point yielded similar results when compared with the primary composite end point, as the treatment effect of the combined population was not affected by patient age (P=0.53) or sex (P=0.32), but was modified by treatment type (P=0.023) and clinical presentation (P<0.0001). The relationship between treatment effect size and age for the entire population, asymptomatic subset, and symptomatic subset is shown in Figure  II in the online-only Data Supplement. Using the modified composite end point, increasing patient age was still associated with increasingly unfavorable outcomes after CAS when compared with CEA, but the strength of this association was less significant when compared with the primary composite outcome (P=0.02).
Discrepancies in unfavorable outcomes were greatest in the first postoperative week after revascularization, where CAS recipients were 1.7 to 2.7 times more likely to experience an unfavorable outcome (Table 3) . These discrepancies persisted 
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in the second and third postoperative weeks for asymptomatic presentations but normalized somewhat for symptomatic presentations despite being higher overall in absolute rate than asymptomatic cases.
Discussion
Our analysis of the 2006 to 2011 perspective retrospective hospital discharge database indicates that, after propensity score simulated randomization of a large subset of annual hospital discharges in the United States, CEA recipients experience lower rates of unfavorable perioperative outcomes than CAS recipients, regardless of age. These unfavorable outcomes, including inhospital mortality, intracranial hemorrhage, and discharge to skilled nursing facilities, were more frequent among symptomatic presentations when compared with asymptomatic presentations for both interventions. Compared with symptomatic CEA recipients, symptomatic CAS recipients were 6 to 7 times more likely to experience postoperative hemorrhagic stroke and were 4 to 5 times more likely to expire postoperatively. Collectively, these results demonstrate the perioperative superiority of endarterectomy to carotid stenting in a real-world setting, even when much of the selection bias has been mitigated using propensity score matching. Given these findings, the safety of carotid artery stenting should be more rigorously scrutinized, particularly among individuals who are symptomatic at the time of carotid revascularization. The current findings expand on our prior efforts using the retrospective Nationwide Inpatient Sample in several key areas. 7 First, the Premier database has several advantages over the Nationwide Inpatient Sample as it is structured to distinguish between new medical diagnoses from preexisting conditions, includes medication data for each patient, and permits more accurate identification of procedures performed during the recorded hospitalization through inclusion of billing record data. Second, the use of propensity score matching on the same demographic and clinical inclusion variables used in prior prospective carotid revascularization studies simulates the randomization of these studies, markedly reducing confounding bias. Third, we incorporated numerous hospital variables in the matching model to minimize bias from geographic differences in clinical practice, stroke incidence, and operator experience.
In addition, our findings corroborate with the findings of recent prospective studies. The EVA3S and SPACE trials failed to demonstrate noninferiority of CAS over CEA among symptomatic presentations, 3, 4, 16 and the ICSS trial also demonstrated perioperative superiority of CEA compared with CAS in both symptomatic and asymptomatic presentations. 6 Furthermore, the CAPTURE2 prospective study reported a 60% to 200% excess incidence of adverse events that increased with greater age, similar to our findings. 17 Our propensity score-matched retrospective study complements these prospective studies by leveraging the sample size benefits of a nationwide retrospective hospital discharge database to better quantify the frequency of uncommon adverse outcomes, because these outcomes are often inadequately sampled in prospective studies to permit meaningful comparisons between revascularization therapies.
As our data reflect US medical practice patterns, we sought to directly compare our findings to CREST as it currently represents the most rigorous prospective comparative study of carotid revascularization therapies performed in the United States. Using similar clinical end points to CREST, carotid revascularization data from the perspective database failed to demonstrate clinical equipoise between CAS and CEA with respect to adverse perioperative outcomes (death, stroke, or unfavorable hospital discharge) in contradistinction to the findings of CREST. Unlike CREST, we found that CEA outcomes became increasingly favorable with increasing age relative to CAS, and we could not identify an age range where CAS was superior to CEA, regardless of clinical presentation. 
McDonald et al Comparison of Carotid Revascularization Therapies 3317
Furthermore, we noted more unfavorable outcomes after symptomatic presentations as compared with asymptomatic presentations; a finding we observed in our prior publication of Nationwide Inpatient Sample data but not observed in the CREST study. 7 Finally, unlike CREST where the greater frequency of AMI in the CEA group offset the greater frequency of stroke in the CAS group, leading to equipoise in their composite clinical end point, our study found that rates of AMI rates were similar between CEA and CAS populations. Accordingly, exclusion of AMI in the modified composite outcome in our study failed to restore this equipoise, showing persistent clinical inferiority of CAS to CEA in the perioperative period with respect to these clinical outcomes.
The absence of operator and institutional selection criteria in our retrospective database could partially explain the observed disparities in outcomes when compared with prior prospective studies. These prospective studies enforced varying degrees of selection criteria to ensure experienced operators performed stenting procedures and, indirectly, selected for medical centers with higher overall stenting volumes. A meta-analysis of EVA3S, SPACE, and ICSS found that stenting procedures performed at lower stenting volume centers were associated with significantly higher rates of unfavorable outcomes. 18 As the Premier database reflects a large sampling of healthcare delivery centers with a wide range of operator experiences and workloads, it is possible that the excessive adverse events in the stenting group could be a reflection of the subset of procedures performed at centers with lower volumes when compared with the centers represented in the CREST. In turn, this could suggest that the clinical equipoise of CREST may also be a manifestation of this operator and medical center selection bias that is absent in the real-world setting. In such a view, the results of this study are perhaps better approximations of clinical outcomes the typical patient is likely to experience.
Unlike CREST and a meta-analysis by of selected European trials, we were unable to identify an age range where CAS was comparable with CEA with respect of adverse outcomes. 19 It is worthwhile to note that although the absolute findings differ, the relative trend toward increasingly unfavorable CAS outcomes with age is similar between our retrospective study and the meta-analysis by the Carotid Stenting Trialists' Collaboration. 19 Some of these differences could be a manifestation of the relatively low number of adverse events relative to our study, because the point estimates of our findings fall within the confidence intervals of a similar plot in the meta-analysis. Furthermore, age-related outcomes for the prospective trials included events that took place after hospital discharge, whereas our analysis was limited to outcomes limited to the patients hospitalization.
Additional differences between our study and CREST exist. First, patients within the perspective database who underwent carotid revascularization were slightly older, more likely to be Comparison of treatment effect of carotid angioplasty and stenting (CAS) compared with carotid endarterectomy (CEA) using the primary composite end point. The hazard ratio (point estimate=black line; 95% confidence interval=gray shaded region) for the primary composite end point (death, stroke, or myocardial infarction) for the CAS group vs the CEA group, according to patient age at the time of treatment, is shown for the entire propensity score-matched population (A), the asymptomatic-matched subset (B), and the symptomatic-matched subset (C). Hazard ratios were estimated using a proportional-hazard model after adjustment for sex and clinical presentation. 
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women, and more likely to be of a nonwhite ethnic origin when compared with CREST. Furthermore, the hospitals represented by the perspective database performed carotid revascularization on a higher fraction of patients >80 years of age when compared with CREST. 5 However, given how well matched the CEA and CAS groups were in the current study, these differences are unlikely to account for the observed disparities in outcomes. Second, the frequency of the use of embolic protection devices during stenting is likely different between CREST and our study. Whereas CREST stenting operators routinely used these protection devices, their use in clinical practice outside of clinical trials and selected academic medical centers is likely much lower. Given that prospective studies that used these devices such as CREST and Stenting and Angioplasty with Protection in Patients and HIgh Risk for Endarterectomy (SAPPHIRE) were more likely to demonstrate equipoise between revascularization procedures than those that did not, it is possible that at least some of the excess adverse outcomes in the CAS group is a result of complications resulting from iatrogenic periprocedural embolization. 5, 20 Our study had several limitations relevant to the use of propensity score matching. Although we attempted to account for all relevant variables used in the decision to perform carotid revascularization, some clinical variables were not available in our retrospective database. In particular, the Premier database lacked quantitative data on the degree of carotid stenosis and the laterality of stroke symptoms relative to the symptomatic carotid artery. In the case of extent of stenosis, we expect that because patients are diagnosed based on well-established uniform criteria as set forth by North American Symptomatic Carotid Endarterectomy Trial (NACSET), carotid revascularizations are only performed on patients who are either symptomatic or who have clinically significant stenosis. 21, 22 As such, we would not expect significant disparities among recipients of CEA and CAS with respect to the severity of stenosis.
Our study has several additional limitations. First, because of the nature of retrospective hospital discharge databases, our study was unable to assess longer term outcomes beyond the patient's initial hospitalization for treatment. Accordingly, our findings are limited to outcomes that take place in the periand immediate postprocedural period of the initial hospitalization. Second, the extent to which patients were screened for unfavorable outcomes such as smaller strokes or myocardial infarction was likely more rigorous among patients enrolled in prospective studies when compared with what is routinely performed in clinical practice; for example, in the CREST, patients were systematically screened for myocardial infarction through postprocedural ECG and cardiac biomarker assays. Third, selection bias, although mitigated using propensity score-based matching, could potentially persist. However, given the nature of the randomization and the attempt to include numerous hospital, demographic, geographic, and clinical factors, our data are likely higher resistant to bias given the strict matching criteria afforded to us by the large sample size of our study population.
Conclusions
Our findings suggest that the risk of inhospital mortality, stroke, and unfavorable discharges are significantly higher after carotid stenting when compared with endarterectomy, particularly for patients who demonstrate symptomatic carotid stenosis at the time of revascularization. Although these results differ from the operator-biased prospective CREST study, our data are drawn from a retrospective national hospital discharge database representing a wide range of operator experiences that more closely reflects real-world clinical practice. Although the absolute excess risk to a single patient is low, the aggregate frequency of these unfavorable outcomes is much higher with CAS than CEA, and these outcomes are both clinically devastating and also likely incur significantly higher costs to the healthcare system in the management of their sequelae. These findings strongly suggest that the factors contributing to the clinical equipoise of CREST that are not used in the real-world setting continue to be studied, so as to enhance the safety of this procedure for the US population. period. Although another nontraditional lipid variable, TC/ HDL-C ratio was also independently linked with major vascular events, only triglycerides/HDL-C ratio was related to recurrent stroke risk. Interestingly, we also noted that history of a stroke before the VISP-qualifying stroke occurred more frequently among those with higher triglycerides/HDL-C quintile (a finding not seen with the other lipid variable), perhaps indirectly supporting the notion that patients with elevated triglycerides/HDL-C ratio are, especially, stroke-prone. Overall, these results suggest that elevated triglycerides/HDL-C ratio may be of prognostic value for identifying high-risk subjects predisposed to stroke among recent noncardioembolic stroke populations already receiving secondary prevention.
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A population-based prospective cohort study found no relation of stroke risk with higher levels of triglycerides/HDL-C ratio.
14 This discrepant result may explain that all the participants in that study were healthy people free of stroke or CHD at baseline. However, atherogenic dyslipidemia as defined by HDL-C ≤40 mg/dL and triglycerides ≥150 mg/dL has been associated with greater risk of recurrent stroke 90 days after a transient ischemic attack, 4 and with higher residual cardiovascular risk among ischemic stroke and transient ischemic attack patients receiving statin therapy. 20 High triglycerides constitutes an independent risk factor for first-ever ischemic stroke in patients with CHD 21 and in general population. 22 Higher HDL-C is protective on ischemic stroke risk, 15 and lower HDL-C is associated with CHD and stroke risk. 23, 24 In this study, triglycerides or HDL-C by itself was not significantly associated with primary or secondary outcome after a recent stroke in multivariable Cox analyses. Few studies have specifically examined the independent predictive value of either higher triglycerides or lower HDL-C alone on recurrent vascular risk after an ischemic stroke, but an analysis of symptomatic intracranial atherosclerotic disease patients also did not find a link between either higher triglycerides or lower HDL-C and recurrent vascular risk. 25 The highest TC/HDL-C quintile showed significantly increased risk of the composite vascular end point but not We observed that in this analysis of prospectively collected data on >3300 patients with a recent ischemic stroke, despite higher rate of lipid modifier use, elevated triglycerides/HDL-C ratio was significantly associated with higher risk of recurrent stroke and major vascular events during 2-year follow-up in the second and third postoperative weeks for asymptomatic presentations but normalized somewhat for symptomatic presentations despite being higher overall in absolute rate than asymptomatic cases.
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